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(54) RARE EARTH METAL/NICKEL-BASE HYDROGEN ABSORBING ALLOY, PROCESS FOR 
PREPARING THE SAME, AND NEGATIVE ELECTRODE FOR NICKEL-HYDROGEN 
SECONDARY BATTERY 

(57) A rare earth metal/nickel-base hydrogen 
absorbing alloy having a composition represented by 
formula (1): (Rvx L^ )(Nivy My )2 , (wherein R repre- 
sents La, Ce, Pr, or Nd; L represents Gd, Tb, Dy, Ho, Er, 
Tm, Yb. Lu, Y, Sc, Mg. or Ca; and M represents Co, Al, 
Mn. Fe. Cu. Zr, Ti. Mo. Si. V. Cr. Nb. Hf. Ta, W, B. or C; 
0,01 ^ X ^ 0.1 ; 0 ^ y ^ 0.5; and 4.5 ^ z ^ 5.0). wherein 
the content of crystals with the number of reversed- 
phase boundaries present perpendicularly to the C axis 
of crystal grains in the alloy being 2 to less than 20 per 
20 nm in the direction of the C axis is 10 to less than 95 
vol.% and the amount of L in the formula (I) present in 
the reversed-phase region is 60 to less than 95 % of the 
amount of L added. The negative electrode for tiie 
nickel -hydrogen secondary battery can simuttnaneously 
improve all of the initial activity, battery capacity, and 
battery life. 
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as compared to the conventional rare earth metal-nickel hydrogen storage alloy which can be used as an anode mate- 
rial for a nickel-hydrogen rechargeable battery 

It is another object of the present invention to provide an anode for a nickel-hydrogen rechargeable battery which 
achieves the high initial activity, the high battery capacity, and the long battery life ail at the same time. 

5 The present inventor has reached the present invention by paying the attention to the following points in relation to 

the facts tiiat an alloy having a composition with decreased content of transition metals mainly containing nickel relative 
to the rare earth metals (referred to as "R-rich composition'* hereinbelow) has larger hydrogen storage capacity than the 
AB5 type alloy, but the practical hydrogen-storage capacity tfiereof is lower tiian the AB5 type alloy because a binding 
force between the alloy and hydrogen in absorbing hydrogen is too strong, which leads to rise in hydrogen desorbing 

/o temperature. 

First, the present inventor has found, that, by generating a particular amount of crystals containing antiphase 
boundaries therein in a particular distribution in an alloy with R-rich composition, initial activity for hydrogen absorption 
and desorption is improved, and tiiat presence of such antiphase boundaries favorably affects prevention of decrepita- 
tion due to absorption and desorption of hydrogen. It is believed that the presence of such antiphase boundaries favo- 

15 ratDly affects tiie hydrogen storage properties becatse rare earth elements are arranged along the antiphase 
boundaries, through which hydrogen can easily be transferred. 

Second, the introduction of tiie antiphase boundaries causes disadvantages in the battery life since the antiphase 
area has high density of rare earth elements, resulting in inferior corrosion resistance against a electrolytic solution. In 
the light of tiiis disadvantage, tine present Inventor substituted a portion of tiie light rare earth elements employed in tiie 

20 A-site by a particular elements including heavy rare earth elements (referred to as "substitution element L" hereinbelow) 
to arrange a large amount of the substitution element L in the antiphase area, thereby improving the battery life. 

Third, tiie present inventor has found that the alloy having crystals of the LaNis type single-phase structure contain- 
ing the particular antiphase fc>oundaries as descrit^ed above can be obtained by supplying an alloy melt of a particular 
composition onto a roll of a particular surface roughness under particular cooling conditions to cast into an alloy of a 

25 particular thickness. 

According to the present invention, there is provided a rare earth metal-nickel hydrogen storage alloy (referred to 
as "hydrogen storage alloy B" hereinbelow) having a composition (referred to as "composition A" hereinbelow) repre- 
sented by tiie formula (1) 

30 (R,.xLx)(Nii.yMy), (1) 

wherein R stands for La, Ce, Pr, Nd. or mixtures thereof. L stands for Gd, Tb, Dy Ho, Er. Tm, Yb. Lu, Y Sc. Mg. Ca, or 
mixtures thereof. M stands for Co, Al, Mn. Fe, Cu, Zr. Ti, Mo. Si, V. Cr. Nb. Hf. Ta. W. B. C. or mixtures thereof, x. y and 
z satisfy the formulae of 0.01 ^ x ^ 0.1 , 0 ^ y s 0.5, and 4.5 ^ z ^ 5.0. respectively, crystals in said alloy being of a 

35 LaNis type single phase structure, said alloy including in an amount of not less than 1 0 volume % and less than 95 vol- 
ume % thereof crystals each containing not less than 2 ard less than 20 antiphase boundaries extending perpendicular 
to C-axis of a crystal grain of the alloy per 20 nm along the C-axis. not less than 60 % and less than 95 % of added 
amount of said element represented by L in the formula (1) being arranged in antiphase areas. 

According to the present invention, there is provided a method for producing the hydrogen storage alloy B compris- 

40 ing tiie steps of uniformly solidifying an alloy melt having the composition A represented by the formula (1) above to 
have a thickness of 0. 1 to 2.0 mm under cooling conditions wherein a supercooling degree is 50 to 500 °C and a cooling 
rate is 1000 to 10000 °C/sec. using a roll casting device having a roll with a surface roughness of 30 to 150 tim in ten- 
point mean roughness (Rz), tiiereby obtaining an alloy; and heating said alloy in vacuum or an inert atmosphere at 800 
to 1000 *»C for 0.1 to 12 hours. 

45 According to the present invention, tiiere is further provided an anode for a nickel-hydrogen rechargeable battery 
containing as an anode material tiie hydrogen storage alloy B and an electrically conductive material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 Fig. 1 is a photograph taken by a high-resolution traremission electron microscope for determining the number of 
the antiphase boundaries contained in the aystal grains in an alloy in the form of ribbons prepared in Example 1 . 

Fig. 2 Is a photograph taken t>y a high-resolution trcuismlssion electron microscope for determining the content of 
the crystal grains containing tiie antiphase boundaries therein In the alloy in the form of ritsbons prepared in Example 1 . 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

The hydrogen storage alloy B of the present inv ntion is a rare earth metal-nickel hydrogen storage alloy which has 
the composition A represented by the formula (1) eibove, in which crystals have a LaNis type single phase structure, 
which includes in an amount of not less than 10 volume % and less than 95 volume % thereof crystals each containing 
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more than 0.1 . more preferably 0.01 to 0.03 in atomic ratio. Mo has effects of improving the activity, and of acceierating 
the hydrogen absorption-desorption rate. The mixing ratio of Mo is preferably not more than 0.05. more preferably 0.01 
to 0.02 in atomic ratio. Si has an effect of lowering the equilibrium pressure of hydrogen. The mixing ratio of SI is pref- 
erably 0.01 to 0.25. more preferably 0.02 to 0.05 in atomic ratio. V has an effect of facilitating fornntion of the antiphase 

5 boundaries. The mixing ratio of V is preferably 0.01 to 0.2. more preferably 0.02 to 0.05 in atomic ratio. Cr has an anti- 
cracking effect. The mixing ratio of Cr is preferably 0.01 to 0.2, more preferably 0.03 to 0.1 in atomic ratio. Nb has an 
anti-cracking effect The mixing ratio of Nb is preferably 0.01 to 0.05. more preferably 0.02 to 0.04 in atomic ratio, Hf has 
an effect of improving the hysteresis properties. The mixing ratio of Hf is preferably not more than 0.05. more preferably 
0.01 to 0.03 in atomic ratio. Ta has an effect of improving the hysteresis properties. The mixing ratio of Ta is preferably 

JO 0.01 to 0.05. more preferably 0.02 to 0.03 in atomic ratio. W has effects of improving the activity, arxl of accelerating tiie 
hydrogen absorption-desorption rate. The mixing ratio of W is preferably not more than 0.05. more preferably 0.01 to 
0.03 in atomic ratio. B has effects of improving the activity, and of accelerating the hydrogen absorption-desorption rate. 
The mixing ratio of B is preferably not more tiian 0.03, more preferably 0.01 to 0.02 in atomic ratio. C has an effect of 
accelerating the hydrogen absorption-desorption rate. The mixing ratio of C is preferably not more than 0.03. more pref- 

15 erably 0.01 to 0.02 in atomic ratio. 

The hydrogen storage alloy B of tine present invention may contain impurities which are inevitably contained in each 
of the starting material of the composition A. or during the manufacturing process of the hydrogen storage alloy B. 

Specific examples of the composition A represented by the formula (1) may preferably include tiie following alloy 
compositions: 

20 

'-3o.25Ceo.49Pro,05Ndo.2C3do.o2'^'3.6lAlo.2^0o.54Mno.5Feo.02' 
'-ao.24Ceo.48P''o.05Ndo.i9Gclo.04Ni3.5i AI0.2CO0.53Mn0.49Fe0.02' 
'-^0.23Ceo.46Pro.05Ndo.i8Gdoo8'^'3.38Alo.19COo.5Mno.47Feo.o2. 

'-30.23ce0.46pr0.05Nd0.18Dy0.08Ni338AI0.19co0.5Mn0.47Fe0.02. 

25 LS0.23C®0.46Pr0.05Ndo.i8Ero.08Ni3.38Alo.19COo.5Mno47Feo.02. 

l-ao.23Ceo.46P>'oo5Ndo.i8Yo.08Ni3.38Alo.i9COo.5Mno.47Feo.02. 

'7-^.23^^0. 46 ^''o.osNdo.isSco.osNia. 38 AIo.19Coo.5Mno.47Feo.02* 
Lao .23^^0.46 Pro .05Ndo.i8Mgo.08Ni3.38Alo.19Coo.5M no .47 Feo .02" 

. 'r^.23Cao.46Pro.05Ndo.i8Cao.08Ni3.38Alo.19COo.5Mno.47Feo.02. 
l-ao.23Ceo.46P''o.05Ndo.i8C3do.08Ni3.38Alo.i9COo.5Mno.47Feo.02^0.02. 

Lao.23Ceo.46Pro.o5Ndo.i8Gclo.o8Ni3.38Alo.i9Coo.5Mno.47Feo.o2Zroo2. 

Lao.23C®0.46Pro.05Ndo,i8C^0.08Ni3.38Alo.l9COo.5Mno 47Feo .02^0.02- 

Lao.23Ceo.46Pro.o5Ndo.i8Gtdo.08Ni3.38AIo.i9Coo.5Mno.47Feo.o2^^0o.02' 

^ Lao.23Ceo.46P''0.05Ndo.i8Gclo.o8Ni3.38Alo.19COo.5Mno.47Feo.02Wo.02. 

Lao.23Ceo.46P''o.o5Ndo.i8Gdo.o8Ni3.38Alo.i9Coo.5Mno.47Feo.o2Cuo.o2- 

In tiie present metiiod for producing the hydrogen storage alloy B, a mixture of the starting metal materials mixed 
to have the composition A is melted, and the obtained alloy melt is uniformly solidified to have a thickness of 0.1 to 2.0 

40 mm under the cooling conditions wherein the supercooling degree is 50 to 500 'C and tiie cooling rate is 1 000 to 1 0000 
^'C/sec., preferably 3000 to 10000 *'C/sec- using a roll casting device having a roll with the particular surface roughness. 

In this case, the supercooling degree refers to a value of (melting point of the alloy) - (actual temperature of the alloy 
melt below the melting point). In detail, "supercooling" is a phenomenon wherein an alloy melt is not actually solidified 
even when it is cooled down to the melting point of the alloy, but when the temperature of the alloy melt is further 

45 declined to reach the nucleation temperature, fine solid phases, i.e. crystals are formed in the alloy melt to cause solid- 
ification of tile alloy melt for tiie first time. The supercooling degree may be controlled by. for example, controlling tiie 
temperature of tiie alloy melt prepared by using a crucible or the like and suitably adjusting the time and speed for trans- 
ferring the alloy melt to a single roll for solidification. If the supercooling degree and tiie cooling rate are outside the 
above requisite ranges* an alloy having tiie desired antiphase boundaries precipitated cannot be obtained. 

50 The above mentioned roll casting device has a single roll or double rolls of internally water-cooled type or the like, 
on the surface of which an alloy melt is cooled and solidtfied. In the roll casting device, the surface roughness of the roil 
is defined by the ten-point mean roughness (Rz). In the method of the present invention, tiie alloy melt is cooled and 
solidified using a roll having sur^ce roughness of 30 to 150 ^rru preferably 60 to 120 Mm In the ten-point mean rough- 
ness (Rz). 

55 The ten-point mean roughness (Rz) is defined in JIS B0601-1994 (con^espondkig to ISO 468), and is represented 
by the sum of the average of absolute values of the heights of the highest to tiie fiftii highest peaks of the roughness 
curve of the roll surface measured vertically from the mean line, and the average of absolute values of the depths of the 
deepest to the fifth deepest valleys of the roughness curve of the roll surface. The ten-point mean roughness (Rz) may 
be measured using a commercially available stylus type digital surface roughness measuring device based on the same 
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weight of the ancxie materiaL 

The anode for a nickel-hydrogen rechargeable battery of the present invention may contain a binder in acWition to 
the above requisite components. Preferred exanrples of the binder may indude an ethylene tetraf luoride-propylene hex- 
afluoride copolymer (FEP), polytetrafluoroethylene. cartx)xymethyl cellulose, or the like. The content of the binder is 

5 preferably less than 1 0 % by weight of the total weight of the anode material. 

The anode for a nickel-hydrogen rechargeable battery of the present invention may be pr^red. for example, by 
binding the anode material on a collector body of a conductive material such as nickel mesh, nickel or copper expanded 
metal, nickel or copper punched metal, foamed nickel, and woolen nickel. The binding may be carried out by a rolling 
press method, a molding press method, or the like into the form of preferably a sheet or a pellet. The obtained anode 

JO can be used in the same way as an anode for an ordinary nickel-hydrogen rechargeable battery to produce a recharge- 
able battery. 

The hydrogen storage alloy B of the present invention can exhibit high initial activity, high electrical capadty, and 
long battery life all at the same time when it is used for an anode material for a nickel-hydrogen rechargeable battery. 
According to the present invention, such hydrogen storage alloy B can be obtained in a practical manner. Further, since 
15 the anode for a nickel -hydrogen rechargeable battery of the present invention exhibits high initial activity, high electrical 
capadty. and long battery life at the same time, it is expected to be demanded in place of a conventional anode. 

Examples 

20 The present invention will now be explained in more detail with reference to Examples and Comparative Examples, 
but the present invention is not limited thereto. 

Example 1 . 

25 A starting material was prepared so that the composition thereof was 8.3 parts by weight of La, 1 6.3 parts by weight 
of Ce, 1 .7 parts by weight of Pr. 6.9 parts by weight of Nd, 0.75 parts by weight of Gd, 50.4 parts by weight of Ni, 1.3 
parts by weight of Al. 7,6 parts by weight of CJo, 6.5 parts by weight of Mn, and 0.3 parts by weight of Fe, and then 
melted in an argon atmosphere by a Ngh frequency induction furnace to obtain an alloy melt. The obtained alloy melt 
was formed into alloy ribbons with the thickness of 0.3 to 0.4 mm under tine conditions of the supercooling degree of 

30 150 **C and the cooling rage of 2000 to 5000 °C/sec. using a single roll casting device having a water-cooled copper roll 
with the surface roughness of 1 00 jim in the ten-point mean roughness (Rz). The obtained alloy was heated in an argon 
atmosphere at 950 °C for 4 hours. The results of the calculation of the composition of the obtained alloy into atomic ratio 
and the values of x, y. and z in the formula (1) are shown in Table 1. 

Powders of the obtained alloy were determined of X-ray diffraction pattern by an X-ray diffraction apparatus manu- 

35 factijred by RIGAKU CORPORATION, thereby confirming that the alloy had LaNis type single phase structure. The alloy 
was observed in the (100) plane of the crystal grain under a high-resolution transmission electron microscope 
(JEL4000EX) manufactured by JOEL LTD. to determine the number of the antiphase boundaries extending perpendic- 
ular to the C-axis of the crystal grain of the alloy per 20 nm along the C-axis, and the content of the crystal grains con- 
taining the antiphase lx>undaries included in the aJloy. Further, the amount of Gd present in the antiphase area was 

40 determined by high-resolution EDX spectrometry. The results are shown in Table 2. Further, the photograph taken by 
the microscope used for determining tiie number of the antiphase boundaries extending perpendicular to the C-axis of 
the crystal gain per 20 nm is shown in Fig. 1. and the photograph taken by the microscope used for determining the 
content of the crystal grains containing the antiphase boundaries is shown in Fig. 2. In the photographs. A in Rg. 1 
denotes the antiphase area, and B in Fig. 2 denotes tiie portion corresponding to Rg. 1 before enlargement. 

45 Subsequentiy, the alloy was measured of the hydrogen storage capacity and the hydrogen storage pressure using 
an automated Sievert's-type PCT measuring apparatus manufactured by LESCA CO.. LTD. according to JIS H7201 
(1991) "Method for Measuring Pressure-Composition Diagram (PCT curve) of Hydrogen Storage Alloy". The results are 
shown in Table 2. 

Next, the alloy was coarsely crushed in a stamp mill, and further pulverized by a planetary ball mill in a hexane sol- 
50 vent into powders of the average particle size of 80 ^m. 10 g of the obtained alloy powders. 1 g of copper powders as 
an electrically conductive material.and 0.3 g of.FEP powders (ethylene tetrafluoride-propylene hexafluoride copolymer) 
as a binder were mixed together to produce a pellet electrode with 20 mm diameter. The otrtained electrode was 
immersed in a 6N KOH solution to produce a battery using a mercury oxide reference electrode, and the electrode char- 
acteristics were determined with a potentiogalvanostat (manufactured by HOKUTO DENKO CORPORATION). The 
55 results are shown in Table 2. 

The initial activity and the battery life were measured on the basis of the point where the battery capacity reached 
the constant level after repeated charging and dscharging. The battery life was detennined by comparing the capacity 
at 100 cycles with tiie capacity at the constant level. 
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Claims 

1. A rare earth metal-nickel hydrogen storage alloy having a composition represented by the formula (1) 

5 {Ri.xLx)(Nii.yMy), (1) 

wherein R stands for La. Ce. Pr. Nd. or mixtures thereof. L stands for Gd, Tb. Dy. Ho. Er, Tm. Yb, Lu. Y. Sc. Mg. Ca. 
or mixtures thereof. M stands for Co. Al. Mn. Fe, Cu. Zr, ti. Mo, Si. V, Cr, Nb. Hf. Ta. W. B. C. or mixtures thereof, x. 
y and z satisfy the formulae of 0.01 ^ x ^ 0.1. 0 ^ y ^ 0.5. and 4.5 s z s 5.0. respectively crystals in said alloy being 
10 of a LaNis type single phase structure, said alloy including in an amount of not less than 1 0 volume % and less than 
95 volume % thereof crystals each containing not less than 2 and less than 20 antiphase boundaries extending per- 
pendicular to C-axis of a crystal grain of the alloy per 20 nm along the C-axis, not less than 60 % and less than 95 
% of added amount of said element represented by L in the formula (1) being arranged in antiphase areas. 

75 2. The rare earth metal-nickel hydrogen storage alloy as claimed in daim 1 wherein x in the formula (1) is within the 
range of 0.05 ^ x ^ 0.09. 

3. A method for producing the rare earth metal-nickel hydrogen storage alloy as claimed in claim 1 comprising the 
steps of uniformly solidifying an alloy melt having a composition represented by the formula (1) 

20 

(Ri.,LJ(Nii.yMy), (1) 

wherein R stands for La, Ce. Pr, Nd. or mixtures thereof, L stands for Gd. Tb. Dy. Ho, Er, Tm, Yb. Lu. Y, Sc. Mg. Ca, 
or mixtures thereof, M stands for Co. Al, Mn, Fe, Cu. Zr, Ti, Mo, Si, V, Cr, Nb, Hf, Ta, W, B, C, or mixtures thereof, x, 
25 y and z satisfy the formulae of 0.01 ^ x ^ 0.1, 0 ^ y ^ 0.5, and 4.5 ^ z ^ 5.0, respectively, to have a thickness of 
0.1 to 2.0 mm under cooling conditions wherein a supercooling degree is 50 to 500 **C and a cooling rate is 1000 
to 10000 °C/sec. using a roll casting device having a roll with a surface roughness of 30 to 150 p.m in ten-point 
mean roughness (Rz). thereby obtaining an alloy; and heating said alloy in vacuum or an inert atmosphere at 800 
to 1000 °C for 0.1 to 12 hours. 

30 

4. The method as claimed in claim 3 wherein said roll has a surface roughness of 60 to 120 \xm in ten-point mean 
roughness (Rz). 

5. The method as claimed in claim 3 wherein said heating step is carried out at 850 to 950 ^'C. 

35 

6. An anode for a nickel-hydrogen rechargeable battery containing as an anode material the rare earth metal-nickel 
hydrogen storage alloy as claimed in claim 1 and an electrically conductive material. 

7. The anode for a nickel -hydrogen rechargeable battery as claimed in dalm 6 wherein a particle size of said rare 
40 earth metal-nickel hydrogen storage alloy is 20 to 100 jim. and a particle size of said electrically conductive material 

is 1 to 10 ^m. 

8. The anode for a nickel-hydrogen rechargeable battery as claimed in daim 6 wherein a content of said rare earth 
metal-nickel hydrogen storage alloy is 70 to 95 % by weight of tiie total weight of the anode material, and a content 

45 of said electrically conductive material is 5 to 20 % by weight of the total weight of the anode material. 

9. The anode for a nickel -hydrogen rechargeable battery as daimed in claim 6 wherein said anode material further 
contain a binder. 

so 
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